o e SRR LY N L

X Yl v -
@‘ﬁ T e
A

UNCLASSIFIED

NG

Reprodiced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED

e -
O
b At ™
™ W
b
et KON

S bt D KR DR Y S P e e K




NOTICE: Uhen govermment or other drawings, speci-
ficationo or other data arc used for any purpose
other than in counectior with a definitsaly related
government procurement operation, the U. S.
Govermsent theredy incurs no responsidility, nor any
ocbligatior vhatsoever) and the fact that the Govermn-
mnt sy bave formalated, furnished, or in any wey
supplied the said 4dravings, specifications, or other
dati is not to be regarded dy implication or other-
wvise a5 in ary maner licensing the holder or any
other person of corporstion, or conveying any rights
or permission to manufecture, use or sell any
patented invention that may in any way be related
thereto.

o~ ——— e

[P S

NPT

Sertnd




o~

-

VK

L06eD By ASTIA

A5 Jf) 1

CATf

-

‘e

LR —— Aoy o oy

TR-932

A HIGH-PRESSURE LIGHT-GAS GUN

Leon Horn

0V 26 July 1961

.
i WAL

WASHINGTON 18, B. C.




CHBRESCE COMS
FAAMOSED CRONANCE FIIIE LANDRAYORIEE:
VARWEGTIN 18, . &

Kobert W, McBEvey, Lt Cel W, £, ¥izomn, &,
COMMANIRNG TECHNMCAL IMRECTOR

The Diamond Orénsace Furc Laberatories §8 a rescarck, dewmispinat, snd
eaginzering instoliatlon under the Jusisdiction of the Chief of Ordmince.

The Diamond Ordaance Fute Laborutories was enlchilashed by the Ordeancs Corps,
Department of the Army, on 27 Seplamber 1853, Tae nucleus for thase Laberatories
wag the personnel and facilities of the Orduance Divisions of tie Natisnal Gureav of
Standards,

Typical fields of acitvity st the Diamond Ordaasce Fuse Laboratories include
eleci ~apice, physics, machasica, chendsiry, and aopiied mathematics, xaniples of
{opice andrr theoe activities =re radiation asd field studies, cirealt devices, chemical
probleiag, and special electson tube design. The programs iacluds all phases from
hasic - 3search to product deaign. :

The miszion o the Laboratories is te:

1. Conduct research and devalopment in the various physical science sad zagi-
neering fietds Alrected toward rweiing the military characiaristics for funce and
related items,

2.  Provide consuiling and liatsos services as renuired is connnction with the
dovelopment, production, and use of tems devaloped in the laboratiries, or of ve-
iated fterisn.

3. Fubricate models and prototypas of {tems under davelopmaent at the
lIsboratories.

4. Perform devclopmental testing, lncluding destructive tasting of prolotypes.

5. Serve as principal Muclear Radiatiou Eifects Ressarch Graup so investigate
and determine susceptibility of Ordnz sce electronic materiel to auclaar a*papons
radiation environment, mechaniams of those elfects, and ways sad means of develon-
ing loss susceptible materiel,

6. Maiatain and operate for OCO @ speciai library of techxieal ane: progruss
reports, prepared by Army, Navy, Alr Force, and their coniraclors,

7. Pariorm the Indusirial Engineering Support Mission for all prazimity fuzs
iterng,

8. Administer the Deparimeat f ie Army Rogional Training Center for the
District of Columbia, Virginie, and Marylaud region,
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A v singie-stage, Righ-precsure, stainlesi-gteel, light-gss
oua I £t ive: with a 1 3/8-1a Nere has desn designed and Built &t
SOFL. i g hoe drivenm & S-um mans at welociting ahove 3000 Zpsn.
Fith alterstices ande tv hwai the driver azotiom, it is exsected o
giw velecitiss of over 3000 fpe and male possille miect shock piressures
of more tham i-sxgebar.

A comgarinen of the measured and computed prujectile welocitiss s«
1008 tenperatule a8 wel’l as higher temperstures is iacluded.

1. INTROSUCTION

Solids can be compressed statically or dymamizally, In gensrel,
the: choice is deternined by the pressurs desired, since pressures of
over 400,000 ate require dymamic methods. Ia additiom, thers are
thecretical differences in twe mature of the pressures genersted so
that for specisal cases it can be desirable to produce low pressures
dynemicsally.

At DOFL 8 d-in-Dore lighi-gas gua cepable of 4200-/pa projectile
velocities hss leen available fo: studies of the shock comprossior of
solids (ref 1). The decision was msade in 1960 to incresase the range
of shock compressions by buildirg s small higher-velocity light-gse gur.

The light-gas grun built is essentially a long tube containing a
scored diaphraga that divides a higa~compression sectioan called the
driver section from s low-pressure ssction, which is evacusted amd
coktsing the projectile. The rupture of the diaphragn releases thc
ctapraiand gas, heliue, and the projectile is accelersted down the
evacuated gux by tke expanding gases, uvntil it hits the target. PFigure 1
iz 2 block diagrae of the light-gas gun system

Dry nelium gas Las an zivantage over explosives, since a blast of
dry gss is suificient to clean out particles left in the gun sfter a
shot and ths .nert character of dry helium results in a lry erosion
rate of the gua.

When a rapidly moving solid collides with another solid, a shock
vave is generated. Deprndieg on the ¥nlids, shock compressions witha
pressurss from 15,00C tc 700,000 atm :re easily attained with the light-
gns gun. Tho pressure develcoped during the collision between like
bodies can then e detersined if tae velocity of the moving unit, shock-
wave velocity in the material, and the changs in volume that results,
aw knowa. The Rankine~Nugoniot relstionship betwmaen pressure snd
dersity througt a normal shock wave is generslly used for the final
pressure deterninetion. A detailed account of such calculaptions can
be found in reference 1.
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T shock pressera genersted is a function of tiw metearisl impacted
and Lt velocity. The f/nal velocity o the projectils in the light-gas
fun in deternisid By thr driviag-presimire/projectile~iaight ratio at
which the disparspn rupturesx. BSince tis 7atio as well as the choice
of material chorez is diroctly controlind by the experimenter, the
presoure gonerated during say single teat can be selected in advance.
Thue, by the proper choice of the variables, the final velocity of the
srojectile and the resuitant compressior can bs controlled. The pres~
gure in the imgected material can 2o varied coatinuously from very
suall values to pressures comgazabliy with those reached in setals by
contact explostves,

As a pesearch tool, the light-gas gun allows ona to bridge the
pressures that have bees reported by various authors using static
presses and Lhose using dyn-aic compression, As a2 result, it is possiiiec
to cleck sgainst the published data atl both ends of the pressure
spectrum,

The projectile is continually guided uvm the gun until the tpact
takes place, and as & rysult the alignment oy the projectile to the
target surface can be beld to a fracticn of a dogree (me can expect
erosion 3t the gun exit due to fragmentation of tLe target Lolder, target
and projectile at impact. The gun exit contains & tespered-steel tiner
in a bLrass section that can be .a31iy replaced if damaged. Pigure 2
shovs the zteel 11 er, target heider, and clamping system for the target
at -ko exit of th 1as gun. The exit sleeve diameier is 1/2 in. larger
vhan the bore of the gun 2nd thus allows for essentially free flight the
instant before impact. “he wuzzle of the gun extends through a8 heavy
reinforced wall tato a cutch vox reom. To allow the impacts to bDe visi-
ble and to occur ia a controlled avwosphere, when desired, an additional
18~in, section has been made that can be attached instead of ths nozrle
exit slesve. This section (figy 3 and 4) has a 4 x 4 x 6-1n, visibic
expansion chusber thit can b0 evacuated or filled with & particulas gas
independsntly at a desired pressure,

The gun ~enties intC 4 heavr metal catch box in the roinforced
concrote roc. sugigned to vitketand the gudden over-pressure of the driv-
ing gas «nd ¢ lair the fraguents and shocks produced by an impect, Tho
catcl box roox .!as an e¢xhaust fan 20 remove the gaseous prodiucts of the
impact, it 2ls0 nhas viewing put3 cut inyw its 8~in. walls t¢ allow
camgras to be set up outside the catch r.x roca and wtil}l salie record-
of the events occurring at tae target.

3., UBCEA{ICA), ARRANGRMEN"S

The light-gas kun, coMponci®*s of whick are shown in figures 3 and 6,
is basically a3 . 3/R-in, DOI« staini~-~c-steel pipe, 28 2t long with & 1/4 i=n.
wall, The gur 1s divided irtc tr0 secti~ts at "o dvsech; one side, the




o wararns wif

driver section, is @ fi iong. The high-pressure gas is contsined in
thic section by & scoced diaphragn of 53-8M-34 aluminum, held in 8
setal clamp and sealed with rabder O rings. Pigires 7 and 8 show
the disphragn, the clamping soctica and the method of locking the
bigh-pressurs unit te the rest of the gun. The length of the high-
preseire system was chosea to insure thaat reflectioos from the back
wall of the preasurised tube =ould not reach the projectile before it
emnrged from the evacusies section.

In an attempt to achieve optimum Jlow characteristics after the
diaphragu rupture, the breech section, at the eatrance to the evacuated
section, was contoured for 3/4 ian. to aliow space for the foided parts
of the ruptured Jiaphrage. The exact shape and depth of the grooves
inscribed on the diaphrage had to ve selected and proved experimgntal-
ly. Improper design would couss s throttling of the gas in this critical
area,

The evacusted sectiom of the jun contaims two welocity-detecting
ports, which contain 3esled magnetic probes wounted flush with the
inside walls. 7Tiese ports are 12 :-. apart with the last one 4 in.
frem the impact zone of the gun.

The fore 2ection of tu_f\m is evacuated by s rotary pump with a
spoed 3 4.5 1/sec at 1 x 10" mm Hg. The inlet port to the vacuum
sysiem is directly bekind and below the last velocity detectur. From
the ¢xit port on the gun the vacuum tubing goes through a mechanical
filter (its primary purpose is protection to the solencfdls and vacuum
pmp frox target and projectils fragments); then through a solemoid
vaive 20 & tee section. Ome tudbe of the tec goos through amnother
solomted vsive througk a mamual ball valve to a Stokes-Mcleod vacuum
gagen; the other goes tarough a cold trap past a tap for the continously
wegsuring Pirani viiu-x gage, iben Lo the vacuum pump.

The total volume to be evacuated is )5 1 as a result, the puaping
time is limited only by the type of vapors in the system. Ias practics,
it is found that pressures of less than 3u Ng can be achieved in approxi-
mately 13 min from s cold start, and this pressure can easily be maintained
for the mscessary 3 to 4 min after the vacuum system is isolated from the
pump. This nllows sufficient time (0 pressurize the high-pressure chamber
and rupture the disjhragm ~ithout losing the desirad vacuum in the muzsle
ond of the gun.

3.  DIAPHRAGES

Prvvious tests at various installations confirmed at DOFL have
ind fcated that machined scored surfsces could be designed to rupture
Jveily and quickly with little inter{erence to the flow., By takin-
st/antage Oof the practical experience gained in designing s quick-opJning
disphraga at DOFL, it was possible to =make scored 0.063-in. 52 SN 34
sluminus disks that would perform _a required. These disks were found
to be satisfactory at prassures from 1300 psi to 2000 pel.
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The imertia of the sections of the diaphragm (1.¢. the ihickness
of the disphrage nnd the geometry of the cuts), as well as the rigidity
ol the material chosen, determine the time for a good design to open
complotely (from G to 120 susec).

At lower pressures the petals did not fold back completely and the
firal wvelccity of the projectile was reduced. The scored design chossa
was in the form of a cross with incoxplete arcs across the end c¢f each
arm. Pigure 9 shows the scored diaphragm before and after use. o0
fragmentation wvas ever chserved during tests using this conliguration.

4. OPERATION

The target assembly is installed in the muzzle sleeve with the
O ring seal in place. PFigure 10 shows the tzrget-re‘aining systea.
The catch box room is cloced and the warning sign is placed over the
door, The diaphragm and projectile are loaded at the breech and the
gun is secled. The vacuum pump is now turned cn. When Lhe desired
vacuumn is reachad, the scienoid that cuts off the pump froa the gun
is actuated and the alarm buzzer is pressed. Immediately afterwards,
high-pressure helium is admitted to the breech side of the diaphraga.
The moment of firing is governed by the rupture of the diaphragm, which
allows the highly compressed gas to flow, driving the projectile
before it. The sound of the rupture is the signal to allovx the open
valve from the compressed gas storage tank to ciose. The iapact of
the projectile on the target takcs place a few ailliseconds after the
Tupture of the diapkragm.

The dimensions of the gun bore are regular enough to allow the
projectile to be machined to close tolerances. Por the light-ges gua,
the projectiiv isx a hullow muwlal cylinder whose welght vovies o= a
low of 8 gr to a high of 50 gr, depending on the requirements c¢f the
experiment. The back edge of the projectile is punched 0.010 in., deep
at three places to form three little prongs 1200 apart which prevent
the unit from sliding freely beyond the relieved arec of the breech
{fig 9). The sudden gas precsure shears these prongs off and drives
the projectile down the gun. A 1-in. projectile has sufficient clear-
ance between it and the gun bore to make possible a tilt of 10 min of
arc in its slignment in ‘he gun. Actually, due to wall effects, one
would expect an even ssaller degree of tilt of the projectile‘s major
axis during flight. As a result, the impact ansle can be predetermined
within 10 min by the initial position of the target piate.

$. YERIOCITY MEASUREMENT

The velocity of the projectile is deterzined as it pasnes two
sagnatic inductive probes 1 ft apart. The velocity thus determined is
slightly less than the possible velocity at impact, since the projectile
is still accelersting after it passes the last prote. Rach probe is
basically a ccil of wire wound about a sxall permanent magnet; changes
in th> mugnetfic field flux induce a voltage in the coi|. Theso pi_kups
have the advantage of simplicity of operat on, recuiring no amplifiers
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to trigger counters. In practice, since the voltage oucput is related
1o the raie Of change of flux at projectile velocit.es of more than
3000 fpe, the probes give an output pulse cf more than 150 v. The

out wt pulses from ilic prodes are used to trigger a Berkley 770 Time
iatirval Counter and also are continuvusly displayed on & 555 dual-beam
Toktronix scope. Photographs are taken of the sweep si:mal on the
scope face. In this way we can determine the velocity of the »rojuctile
by the counter, &s well as monitor the output of each pickup during the
entire flight. The shape of the output pulse can be related to.the
shape and conditioa of tbe projectils. Knowing the sccpe sweep rate,
the velocity of the projectile can be checked independently by measur-
iung the time between the probe pulses as crecorded on film,

6. MEWILYS
po oL

The theory used in designing the sec.ion lengths of the single~
stage light-gas gun can be found in the appendix of reference 3. The
operation of the gun was checked by tomparing the predicted projectile
velocitier with the measured velocities., Pigure 11 shows both the
theoreticsl values calculated and the experimantal velocities measured
during the vasts of this design. As car be seen, the results at room
temperaturss indicate reasonably close sgrecment up to 35300 fps,

With the addition of a supply 3500-psi. helium gas, it should
be possible in the near future to drive 12-gr projectiles at velocities
of over 5000 fps.

Thus far. all tests have bsen made using hollow aluminum prcjectiles.
Plastic projectiles with metal inserts could be designed to weigh about
3 gr, and (i1 theory) if they remain in one yiece, will incresse the
peak velocity to 35300 fps.

Caiculatinons based on a perieci gus indicate that heating tac
driver gas should give a large increase in the possible maximum velocity,
Zigure 10 shows ths velocities possible for various pressure-mass atios
at four temperatures: normal roos tesperature 21°c to 37 C or 300 K and

simple multiples of this absolute temperuture, 600°K-337°C, 900°%-627°C
and 1200°x-927°C.
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